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POLYCARBONATE GAS SEPARATION
MEMBRANES CONTAINING SUBSTITUTED
BENZENES AND PROCESSES FOR MAKING AND
USING THE SAME

- BACKGROUND OF THE INVENTION

This invention relates to polycarbonate membranes
containing substituted benzenes which interact with the

polycarbonate polymer to enhance the gas separatton.

performance of said membranes. The invention further
relates to a process for fabricating said polycarbonate
gas separation membranes containing substituted ben-
zenes. The invention also further relates to a process of
gas separation using said membranes.

The use of polymeric membranes for gas separationis

well known. A wide variety of polymers has been used
for gas separation membranes, including cellulose es-
ters, polyamides, polyimides, polysulfones, and polyole-
fins. Gases successfully separated from gas mixtures by
membranes include hydrogen, helium, oxygen, nitro-
gen, carbon monoxide, carbon dioxide, hydrogen sul-
fide, water vapor, ammonia, and/or light hydrocarbons
such as methane, ethane, ethylene, propane, propylene,
butane, butylene, etc. An application of particular inter-
est is membrane separation of oxygen and nitrogen from
air. An enriched nitrogen stream obtained from air may
be used for inert padding of flammable fluids or for food
storage. An enriched oxygen stream obtained from air
may be used for enhancing combustion or for increasing
the efficiency of fermentation processes. Additional
applications of interest include membrane separation of
hydrogen from gas mixtures containing other gases
such as nitrogen, carbon monoxide, carbon dioxide,
water vapor, hydrogen sulfide, ammonia, and/or light
hydrocarbons, which are formed in various hydro-
cracker, hydrotreater, and catalytic reformer processes
used in the oil refinery industry.

Such membrane separations are based on the relative
permeability of two or more gaseous components
through the membrane. To separate a gas mixture into
two portions, one richer and one leaner in at least one
component, the gas mixture is brought into contact with
one side of a semi-permeable membrane through which
at least one of the gaseous components selectively per-
meates. A gaseous component which selectively perme-
ates through the membrane passes through the mem-
brane more rapidly than at least one other component of
the gas mixture. The gas mixture is thereby separated
into a stream which is enriched in the selectively perme-
ating component or components and a stream which is
depleted in the selectively permeating component or
components. The stream which is depleted in the selec-
tively permeating component or components IS en-
riched in the relatively non-permeating component or
components. A relatively non-permeating component
passes through the membrane more slowly than at least
one other component of the gas mixture. An appropri-
ate membrane material is chosen for the gas mixture so
that some degree of separation of the gas mixture can be
achieved.

Polycarbonate membranes in particular have been
discovered to possess good separation properties for
gases, especially oxygen and nitrogen. Polycarbonate
membranes possess good mechanical properties and are
able to operate under extreme conditions of tempera-
ture and pressure. However, polycarbonate membranes
sometimes possess lower gas flux or permeability or gas
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selectivity than desired for certain applications. A
method of substantially increasing the gas flux or per-
meability and/or gas selectivity of such membranes
without significantly decreasing the mechanical
strength of such membranes is needed.

SUMMARY OF THE INVENTION

What has now been discovered is semi-permeable gas
separation membrane comprising a thin discriminating
layer of a polycarbonate polymer containing at least one
substituted benzene in an amount effective to interact
with the polycarbonate polymer and increase the gas
flux and/or gas selectivity of the membrane by at least
about 10 percent without causing a significant decrease
in the tensile strength of the membrane.

The invention also is a process for fabricating a semi-
permeable gas separation membrane comprising the
steps of: |

A. contacting at least one side of a semipermeable
polycarbonate gas separation membrane with a
treatment fluid containing at least one substituted
benzene under conditions such that an effective
amount of the substituted benzene(s) is absorbed
into the membrane and interacts with the polycar-
bonate polymer to increase the gas flux and/or gas
selectivity of the membrane by at least about 10
percent without causing a significant decrease in
the tensile strength of the membrane.

The treatment fluid may be a liquid or a vapor.

The invention is also a process for separating gases

using said membrane comprising:

A. contacting one side of a semi-permeable mem-
brane with a feed gas mixture under pressure,
wherein the membrane divides a separation cham-
ber into a high pressure side into which the feed gas
mixture is fed and a low pressure side;

B. maintaining a pressure differential across the mem-
brane under conditions such that at least one com-
ponent of the gas mixture selectively permeates
through the membrane from the high pressure side
to the low pressure side of the membrane;

C. removing from the low pressure side of the mem-
brane permeated gas which is enriched in at least
one faster permeating component of the gas mix-
ture; and ‘

D. removing from the high pressure side of the mem-
brane non-permeated gas which is depleted in at
least one faster permeating component of the gas
mixture;

wherein the membrane comprises a thin discriminating
layer of a polycarbonate polymer containing at least one
substituted benzene in an amount effective to interact
with the polycarbonate polymer and increase the gas
flux and/or gas selectivity of the membrane by at least
about 10 percent without causing a significant decrease
in the tensile strength of the membrane.

The polycarbonate membranes of this invention pos-
sess increased gas flux and/or gas selectivity compared
with polycarbonate membranes which do not contain
substituted benzene(s). The membranes of this invention
possess good mechanical strength and may be operated
under high temperatures and pressures.

DETAILED DESCRIPTION OF THE
INVENTION

The polycarbonate membranes of the present inven-
tion may be any semi-permeable polycarbonate gas
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separation membrane containing an effective amount of
at least one substituted benzene. The membranes of this
invention are preferably fabricated from polycarbonates
which are derived from bisphenols. The polycarbonates
of this invention preferably are derived in a significant
portion from bisphenols which possess substituents on
the phenolic rings. Preferably, at least about 25 percent
of the bisphenols in the polycarbonate backbone possess
substituents on the phenolic rings; more preferably at
least about 50 percent of the bisphenols in the polycar-
bonate backbone possess substituents on the phenolic
rings; even more preferably at least about 75 percent of
the bisphenols in the polycarbonate backbone possess
substituents on the phenolic rings. Preferably the bis-
phenols used to prepare the polycarbonates are tetra-
substituted. The substituents are' preferably located at
the 3,5 positions on the phenolic rings.

The polycarbonates useful in this invention prefera-
bly comprise polymers with backbone units corre-
sponding to Formula 1:

X X
O
|
O R OC
X X
hH

wherein

R 1s independently in each occurrence —CO-,
—8S—, —S03—, —0O—, a Cy_¢ divalent hydrocar-
bon radical, an inertly substituted C;_¢ divalent
hydrocarbon radical, or a Ci_gdivalent halocarbon
radical;

X 1s independently in each occurrence hydrogen, a
halogen, a Ci—4 alkyl, or a C;.4 haloalkyl; and

n is a positive real number of about 20 or greater.

R 1s preferably a Ci_¢ divalent hydrocarbon, more
preferably a Cj.¢ alkylidene radical, most prefera-
bly an 1sopropylidene radical. X is preferably hy-
drogen, chlorine, bromine, fluorine, or methyl. n is
preferably a positive real number of about 35 or
greater. An espectally preferred bisphenol of For-
mula 1 useful in this invention is 2,2-bis(3,5-bromo-
4-hydroxyphenyl)propane(tetrabromobisphenol A
polycarbonate).

Methods of synthesizing such polycarbonates are
well known 1 the art. See U.S. Pat. Nos. 3,038,874:
3,119,787; 3,153,008; 3,248,366; 3,334,154; 3,409,704:
3,829,266; 3,912,687; and 4,413,103; the relevant por-
tions incorporated herein by reference. See also Ency-
clopedia of Polymer Science, Interscience Division of
John Wiley and Sons, N.Y., N.Y., 1969, Vol. 10, pp.
714-725, the relevant portions incorporated herein by
reference.

The polycarbonate membranes which may be treated
by the inventive process may be manufactured by meth-
ods known in the art. Such membranes may be fabri-
cated in the form of flat sheets, hollow tubes, or hollow
fibers. One preferred method of producing such mem-
branes 1s to extrude a blend of the polymer, a solvent,
and a non-solvent. An example of a preferred solvent is
N-methylpyrrolidone. An example of a preferred non-
solvent 1s triethylene glycol. The blend preferably con-
tains from about 30 to about 60 weight percent polymer.
The preferred solvent/non-solvent ratio is between
about 1.7 and about 3.1. The blend is extruded, im-

Formula 1
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4
mersed in a water quench bath, then optionally leached
and annealed in water. A further description of the
preferred extrusion process, including preferred sol-
vents and non-solvents, 1s contained in U.S. Pat. No.
4,772,392, the relevant portions incorporated herein by
reference.

Following manufacture, the polycarbonate mem-
branes usually contain residual solvent and nonsolvent.
For example, polycarbonate membranes formed by the
process described in U.S. Pat. No. 4,772,392, generally
contain from about 0.5 to about 3.0 weight percent
restdual solvent and non-solvent as extruded. The pres-
ence of substantial residual solvent and non-solvent in
the membranes may adversely affect membrane perfor-
mance. Therefore, significant residual solvent and non-
solvent in the membranes are preferably removed prior
to treating the membranes with the inventive process
disclosed herein.

The membranes treated by the inventive process
disclosed herein may be dry or wet. The membranes
may optionally be dried prior to treatment by the inven-
tive process by any method known in the art including
the alcohol pretreatment drying method disclosed in
U.S. patent application Ser. No. 192,275, filed May 10,
1988, now U.S. Pat. No. 4,843,733, the relevant portions
incorporated herein by reference, or by the water pre-
treatment and annealing drying method disclosed in
co-pending U.S. patent application Ser. No. 269,922,
filed Nov. 9, 1988, now U.S. Pat. No. 4,900,334, the
relevant portions incorporated herein by reference. The
membranes may alternatively be directly dried in air
without any pre-drying t{reatment.

The polycarbonate membranes hereinbefore de-
scribed are treated with at least one substituted benzene
present in treatment vapor or aqueous treatment solu-
tions. The substituted benzenes useful in this invention
preferably possess a boiling point of at least about 100°
C., more preferably of at least about 120° C. Substituted

benzenes preferred for use in this invention include
those of Formula 2:

(RDp

wherein R!is independently in each occurrence hydro-
gen, hydroxy, a halogen, a Ci_s alkyl, a Cj.4 haloalkyl,
a Ci-4 alkoxy, or nitro; and m is an integer between 1
and 6 inclusive. Rl is preferably independently in each
occurrence hydrogen, hydroxy, chlorine, bromine,
methyl, ethyl, n-propyl, iso-propyl, a C;_4chloroalkyl, a
Ci-4 bromoalkyl, or nitro; R! is more preferably inde-
pendently in each occurrence hydrogen, hydroxy, chlo-
rine, bromine, methyl, ethyl, or nitro. m is preferably an
integer between | and 4 inclusive, m is more preferably
an mteger between 1 and 3 inclusive. The polycarbon-
ate membranes useful in this invention may be treated
with the substituted benzene(s) before or after fabricat-
ing the membranes into devices.

In the embodiment wherein the polycarbonate mem-
branes useful in this invention are treated with an aque-
ous treatment solution containing substituted ben-
zene(s), at least one side of the polycarbonate membrane
is contacted with the aqueous solution under conditions
such that the substituted benzene(s) is absorbed into the
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membrane in an amount effective to interact with the
polycarbonate polymer and to preferably increase the
gas flux and/or gas selectivity of the membrane by at
least about 10 percent, more preferably by at least about
20 percent, even more preferably by at least 30 percent,
without significantly decreasing the mechanical
strength of the membrane compared with untreated
membranes. The substituted benzene(s) is preferably

present in the aqueous solution in an amount of between
about 50 and about 10,000 ppmv, more preferably be-
tween about 100 and about 5,000 ppmv, even more
preferably between about 100 and about 1,000 ppmv.
The membrane is contacted with the aqueous solution
for a time sufficient to absorb an effective amount of the
substituted benzene(s) into the membrane. The contact
time is preferably between about 0.1 and about 24 hours,
more preferably between about 5 and about 6 hours,
even more preferably between about 1 and about 4
hours. The treatment temperature may be any tempera-
ture at which absorption of the substituted benzene(s)
into the membrane occurs at a reasonable rate and
which does not deleteriously affect the membrane. Pre-
ferred treatment temperatures are between about 3 and
about 60° C., more preferably between about 15 and
about 40° C., even more preferably between about 20
and about 30° C.

Following treatment with the aqueous solution con-
taining substituted benzene(s), the membrane is prefera-
bly dried. The membrane is dried by exposing the mem-
brane to air, an inert gas, a vacuum, or a combination
thereof for a sufficient time at a sufficient temperature
to dry the membrane. The membrane may be dried at
any temperature at which drying occurs at a reasonable
rate and which does not deleteriously affect the treated
membrane. The maximum drying temperature is also
preferably below the boiling of the substituted ben-
zene(s) absorbed into the membrane. The drying tem-
perature is preferably between about 5 and about 90° C,,
more preferably between about 15° and about 60° C,,
even more preferably between about 20° and about 40°
C. The drying time is preferably between about 0.5 and
about 6 hours, more preferably between about 1 and
about 4 hours. Following drying, the membrane prefer-
ably contains less than about 1 weight percent water.
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even more preferably between about 20° and about 40°
C.

The membranes of this invention contain at least one
substituted benzene in an amount effective to interact
with the polycarbonate polymer and preferably in-
crease the gas flux and/or gas selectivity of the mem-
brane by at least about 10 percent, more preferably by at
least about 20 percent, even more preferably by at least
about 30 percent, without significantly decreasing the
tensile strength of the membrane compared with un-
treated polycarbonate membranes. Preferably the treat-
ment with substituted benzene(s) results in less than
about a 10 percent decrease in tensile strength com-
pared with untreated membranes. The substituted ben-
zene(s) present in the membrane may be uniformly or
nonuniformly dispersed throughout the membrane,
depending upon the nature of the interaction of the
substituted benzene with the polycarbonate polymer.
The substituted benzene(s) is preferably present in the
membrane at a level of between about 10 and about
20,000 ppm, more preferably between about 50 and
about 10,000 ppm, even more preferably between about
100 and about 7,500 ppm.

The membranes treated by the inventive process and
containing substituted benzene(s) are contained within
spiral wound, tubular, or hollow fiber devices by meth-
ods known in the art. See U.S. Pat. Nos. 3,228,876;
3,422,008; 3,455,360; 3,475,331; 3,526,001; 3,528,533;
3,690,465; 3,702,658; 3,755,034; 3,801,401; 4,271,900;
3,872,014; 3,966,616; 4,045,851; 4,061,574; 4,080,296;
4,083,780; 4,220,535; 4,235,723; 4,265,763; 4,315,819;
4,.430,219: 4,351,092; 4,367,139; 4,666,469; 4,707,267,
4,752,305; and 4,758,341, the relevant portions incorpo-
rated herein by reference. The membranes are used to
isolate or recover gases from gaseous mixtures. When
mounted in a gas separation device so as to provide two

 regions separated by the membrane, one side of the

In an alternate treatment process, at least one side of 45

the polycarbonate membrane is exposed to vapor con-
taining at least one substituted benzene under conditions
such that the polycarbonate membrane absorbs the
substituted benzene(s) in an amount effective to interact
with the polycarbonate polymer and preferably in-
crease the gas flux and/or gas selectivity of the mem-
brane by at least about 10 percent, more preferably by at
least about 20 percent, even more preferably by at least
about 30 percent, without significantly decreasing the
mechanical strength of the membrane. The substituted
benzene(s) is preferably present in the exposure vapor in
an amount between about 50 and about 10,000 ppmv,
more preferably between about 100 and about 5,000
ppmv, even more preferably between about 100 and
about 1,000 ppmv. The exposure time i1s preferably
between about 1 and about 240 minutes, more prefera-
bly between about 5 and about 120 minutes. The expo-
sure temperature may be any temperature at which
absorption of the substituted benzene(s) into the mem-
brane occurs at a reasonable rate and which does not
deleteriously affect the membrane. Preferred exposure
temperatures are between about 5° and about 90° C,,
more preferably between about 15° and about 60" C,,

50

33
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membrane is contacted with a feed gas mixture under
pressure, while a pressure differential is maintained
across the membrane. At least one of the components in
any given gas mixture selectively permeates through
the membrane more rapidly than the other components.
A stream is obtained on the low pressure side of the
membrane which is enriched in at least one faster per-
meating component. The permeated gas is removed
from the low pressure (downstream side) of the mem-
brane. A stream depleted in at least one faster permeat-
ing component is withdrawn from the high pressure
(upstream) side of the membrane.

The membranes of this invention are of particular use
in the separation of oxygen and nitrogen from air. In
such embodiments, oxygen selectively permeates

- through the membrane more rapidly than nitrogen. The

membranes are also of particular use in the separation of
hydrogen from gas mixtures containing other gases
such as nitrogen, carbon monoxide, carbon dioxide,
water vapor, hydrogen sulfide, and/or light hydrocar-
bons. In such embodiments, hydrogen selectively per-
meates through the membrane. As used herein, the term
light hydrocarbons refers to gaseous saturated and un-
saturated Ci.4 hydrocarbons including methane, ethane,
ethylene, propane, propylene, butane, and butylene.
The membrane separation process is carried out at pres-
sures and temperatures which do not deleteriously af-
fect the membranes. Preferably the feed pressure is
between about 25 and about 1,000 psig, more preferably
between about 50 and about 500 psig, even more prefer-
ably between about 50 and about 200 psig. The feed
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temperature is preferably between about 5 and about
150° C., more preferably between about 10° and about
100° C., even more preferably between about 15° and
about 80° C. In the preferred embodiment wherein the
membrane is a hollow fiber, the feed gas mixture may be
introduced on the outside or the inside of the hollow
fiber. The membranes of this invention may be treated
with the substituted benzene(s) during operation by
introducing an effective amount of vapor containing the
substituted benzene(s) into the feed gas to the mem-
brane under the conditions previously described for
vapor treatment.
Gas permeability is defined as

P (amount of permeate}{membrane thickness)

(area)(time)
(dnving force gradient across the membrane)

A standard permeability unit is the Barrer, which is
equal to

* 3 .
(centimeter)”’ (S7P) (centimeter) « 10_..10’

(centimeter)? (second) (centimeter Hg)

where STP stands for standard temperature and pres-
sure, abbreviated hereinafter as

3
cm” (STF) cm % 10~10.

-
cm* s cmHg

The gas flux is defined as (permeability)-(membrane
thickness). A standard gas flux unit is

10—6 gf;'ut:ntirnetm"l3 (STP)

(centimeter)? (second) (centimeter Hg)

abbreviated hereinafter as

10— 6 cm (STH

cm? 5 cmHg

‘The gas separation factor (gas selectivity) is the ratio
of the permeability or gas flux of the faster permeating
gas to the permeability or gas flux of the slower perme-
ating gas.

In the embodiment wherein oxygen is separated from
nitrogen, the polycarbonate membranes of this inven-
tion preferably have a separation factor for oxygen/ni-
trogen of at least about 5.5, more preferably at least
about 6.5, even more preferably of at least about 7.0.
The flux of oxygen is preferably at least about

7 % 10-6 <M (STP)

cm? s cmHg

more preferably at least about

9 ¥ 10—6-@.(.‘525_‘

.
cm*“ s cHg

In the embodiment wherein hydrogen is separated
from light hydrocarbons, the polycarbonate membranes
of this invention preferably have a separation factor for
hydrogen/light hydrocarbons of at least about 25, more
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8
preferably at least about 50. The flux of hydrogen is

preferably at least about

1 % 10-—50_”13(&_'

cm? s cmHg

more preferably at least about

3
1 X 104 —=2 oL
cm*~ s cmHg
The membranes of this invention may be used to
separate gas mixtures by combining the membranes
with cryogenic and/or pressure swing absorption pro-
cesses.

SPECIFIC EMBODIMENTS

The following Examples are for illustration only and

are not intended to limit the scope of the invention or
Claims.

EXAMPLE 1

Hollow fibers are extruded from an extrusion blend
containing about 52 percent tetrabromobisphenol A
polycarbonate (TBBA-PC), about 33 percent N-
methylpyrrolidone (NMP), and about 15 percent tet-
rethylene glycol (TEG) by weight as described in U.S.
Pat. No. 4,772,392, the relevant portions incorporated
herein by reference. Some samples of the fibers are then
dried in air at room temperature for about 2 hours.

Samples of the wet and dry fibers are treated by soak-
ing the fibers in an aqueous solution containing about
100-1,000 ppm toluene at room temperature for about 2
hours. The fibers are then dried in air at room tempera-
ture for about 2 hours. The fibers are stored for about
105 days and then analyzed for toluene concentration
and residual NMP and TEG concentration by gas chro-
matography using a flame ionization detector with an
internal or external standard. A fused silica capillary
column obtained from J.N.W. Scientific, Inc. under the
product designation DBS5 i1s used. The injection sample
1s prepared by dissolving a portion of the membrane in
methylene chloride. The polymer in the resulting solu-
tion 1s optionally precipitated from the solution with
alcohol prior to injecting the sample into the gas chro-
matograph in order to prevent fouling of the column.
Toluene, NMP, and TEG concentrations for the treated
fibers are listed in Table I and compared to NMP and
TEG concentrations for an untreated control sample.
Even after 105 days of storage, the treated fibers still
contain about 0.16 weight percent toluene.

TABLE I

Concentration

(weight percent)

Sample Toluene NMP TEG

Control N/A .12 0.13

Dry/Toluene 0.165 .12 0.13

Wet/Toluene 0.157 i.11 0.10
EXAMPLE 2

Hollow fibers are fabricated from tetrabromobis-
phenol A polycarbonate as described in Example 1.
Some samples of the wet fibers are immersed in aqueous
solutions containing about 500 ppm and 1,000 ppm tolu-
ene respectively for about 2 hours at room temperature.
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The fibers are then dried at room temperature for about
2 hours. The fibers are fabricated into test cells and
tested for gas flux on single gas feed at room tempera-
ture and about 50 psig continuously for about 3 hours,
24 hours, 5 days, and 10 days respectively. At the end of 3
each test period, some of the test cells are dismantled
and the fiber used to evaluate toluene concentration and
residual NMP and TEG concentrations by the method
of Example 1. Data are shown in Table II. The toluene-
containing samples possess increased gas flux compared
with the untreated conirol samples. Even after 10 days
on continuous testing under pressure, the fibers contain
a significant amount of toluene and enhanced gas flux
compared to the untreated control samples. The un-
treated control samples and the toluene-containing sam-
ples exhibited about the same compaction rate. (Com-
paction rate is the decline in flux experienced by the
membrane as the membrane compacts or densifies
under normal operating conditions, which is accompa-
nied by an increase in separation factor.)

10
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20

TABLE II
Oxygen/ Concentration
Oxygen Flux Nitrogen (weight percent)

10—6 _C_Hlm Separation Tol- 5
NMP TEG 2

Sample cm?S cmHg Factor uene
3 hours
Control 6.91 6.96 N/A 1.64 0.196

500 ppm 9.56 7.18 0.111 .32 0.015
1000 ppm 10.32 . 7.06 0.150 [.23 0.027
24 hours 30
Control N/A — —

500 ppm 0.084 14 —
1000 ppm 0.180 1.16 —
J days
Control N/A — —

500 ppm 0.74 24— 33
1000 ppm 0.147 1.15 —
10 days
Control 3.35 6.29 N/A 1.68 —

300 ppm 7.28 1.49 0.055 1.22 —
1000 ppm 7.93 7.28 0.109 1.28 —

40
EXAMPLE 3

Hollow fibers are fabricated from tetrabromobis-
phenol A polycarbonate as described in Example 1. The
fibers are then soaked in water at room temperature for
about 5 days, flushed with water at about 60° C, for
about 3 hours, dried in air at about 60° C. for about 4
hours, and heat treated at about 60° C. for about 24
hours. Some of the fibers are then exposed to an air flow
of about 540 ft3/hour containing about 1,000 ppm tolu-
ene for about 0.5, 1, and 2 hours respectively at room
temperature. The fibers are fabricated into test cells and
tested for gas flux on single gas feed at room tempera-
ture and about 50 psig. The test cells are then disman-
tled and the fibers used to determine toluene and NMP
concentrations. Data is shown in Table II1.

45
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TABLE 111
Oxygen/ Concentration 60
Oxygen Flux Nitrogen NMP
1g—6 cm3 (STP)  Separation Toluene (weight
Sample cm?S cmHg  Factor (ppm) percent)
Control 14.2 6.99 e 0.360
0.5 hr 10.2 1.76 7,300 0.337
| hr 9.78 7.75 7,500 0.327 65
2 hr 10.8 7.72 5,000 0.280

What is claimed is:

55
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1. A process for separating gases using a semi-perme-
able gas separation membrane comprising;:

A. contacting one side of a semi-permeable mem-
brane with a feed gas mixture under pressure,
wherein the membrane divides a separation cham-
ber into a high pressure side into which the feed gas
mixture is fed and a low pressure side;

B. maintaining a pressure differential across the mem-
brane under conditions such that at least one com-
ponent of the gas mixture selectively permeates
through the membrane from the high pressure side
to the low pressure side of the membrane;

C. removing from the low pressure side of the mem-
brane permeated gas which is enriched in at least
one faster permeating component of the gas mix-
ture; and

D. removing from the high pressure side ot the mem-
brane non-permeated gas which is depleted in at
least one faster permeating component of the gas
mixture;

wherein the membrane comprises a thin discriminating
layer of a polycarbonate gas separation membrane con-
taining at least one substituted benzene 1n an amount
effective to interact with the polycarbonate polymer
and increase the gas flux and/or gas selectivity of the
membrane by at least about 10 percent without causing
a significant decrease in the tensile strength of the mem-
brane.

2. The process of claim 1 wherein the feed gas con-
tains at least one gas selected from the group consisting
of hydrogen, helium, oxygen, nitrogen, carbon monox-
ide, carbon dioxide, hydrogen sulfide, water vapor,
ammonia, and/or light hydrocarbons.

3. The process of claim 2 wherein the feed gas pres-
sure is between about 25 and about 1,000 psig.

4. The process of claim 3 wherein the feed gas tem-
perature is between about 5° and about 150° C.

5. A semi-permeable gas separation membrane com-
prising a thin discriminating layer of a polycarbonate
polymer containing at least one substituted benzene 1in
an amount effective to interact with the polycarbonate
polymer and increase the gas flux and/or gas selectivity
of the membrane by at least about 10 percent without
causing a significant decrease in the tensile strength ot
the membrane.

6. The membrane of claim S wherein the polycarbon-
ate is comprised of backbone units corresponding to the
formula:

wherein

R is independently in each occurrence —CQO-—,
eeS—, —SO0—, —O0—, a C.g divalent hydrocar-
bon radical, an inertly substituted Ci.s divalent
hydrocarbon radical, or a C-¢ divalent halocarbon
radical;

- X is independently in each occurrence hydrogen, a

halogen, a Ci.4 alkyl, or a C;_4 haloalkyl; and

n is a positive real number of about 20 or greater.
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7. The membrane of claim 6 wherein the substituted

benzene possesses a boiling point of at least about 100°
C. and corresponds to the formula:

(R,

wherein R! is independently in each occurrence hydro-
gen, hydroxy, a halogen, a C.4 alkyl, a Ci.4 haloalkyl,
a Cij— alkoxy, or nitro, and m i1s an integer between 1
and 6, inclusive.

8. The membrane of claim 7 wherein R 1s a Cl1-6
divalent hydrocarbon radical; and X 1s hydrogen, chio-
rine, bromine, fluorine, or methyl.

9. The membrane of claim 8 wherein at least about 25
percent of the bisphenol residues present in the polycar-
bonate backbone are tetra-substituted.

10. The membrane of claim 9 wherein the membrane
contains between about 10 and about 20,000 ppm of the
substituted benzene(s).

11. The membrane of claim 10 wherein the polycar-
bonate membrane is asymmetric or composite.

12. The membrane of claim 11 wherein the membrane.

is a hollow fiber.

13. The membrane of claim 12 wherein the polycar-
bonate 1s 2,2-bis(3,5-dibromo-4-hydroxyphenyl)pro-
pane.

14. The membrane of claim 13 wherein the polycar-
bonate membrane possesses a separation factor for ox-
ygen/nitrogen of at least about 5.3.

15. The membrane of claim 14 wherein the polycar-

bonate membrane possesses an oxygen flux of at least
about

7 % 10-6—<m2(STA)

S
cm* sec cmHg

16. A process for fabricating a semi-permeable gas

separation membrane comprising the steps of:

A. contacting at least one side of a semipermeable
polycarbonate gas separation membrane with treat-
ment fluid containing at least one substituted ben-
zene under conditions such that an effective
amount of the substituted benzene(s) is absorbed
into the membrane and interacts with the polycar-
bonate polymer to increase the gas flux and/or gas
selectivity of the membrane by at least about 10
percent without causing a significant decrease in
the tensile strength of the membrane.

17. The process of claim 16 wherein the polycarbon-

ate comprises a polymer corresponding to the formula:

d
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X X X X
O
|
O R OC
X X X X
wherein

R is independently in each occurrence —CO—,
—_S—, —S0Oy—, —O—, a Cj_¢ divalent hydrocar-
bon radical, an inertly substituted C;.¢ divalent
hydrocarbon radical, or a Cj.¢divalent halocarbon
radical;

X 1s independently in each occurrence hydrogen, a
halogen, a Ci_4 alkyl, or a Cj_4 haloalkyl; and

n is a positive real number of about 20 or greater.

18. The process of claim 17 wherein the substituted

benzene possesses a boiling point of at least about 100°
C. and corresponds to the formula:

(RDp

wherein R!is independently in each occurrence hydro-
gen, hydroxy, a halogen, a C4 alkyl, a C;_4 haloalkyl,
a Ci_4alkoxy, or nitro and m 1s an integer between 1 and
6, inclusive.

19. The process of claim 18 wherein the treatment
fluid comprises water.

20. The process of claim 19 comprising the further
step of:

B. contacting at least one side of the membrane with
air, an inert gas, a vacuum, or a combination
thereof under conditions such that substantially all
of the water is removed from the membrane while
the membrane retains an effective amount of the
substituted benzene(s) without deleteriously affect-
ing the physical integrity of the membrane.

21. The process of claim 20 wherein the substituted
benzene(s) is present in the aqueous solution in an
amount between about 50 and 10,000 ppmv.

22. The process of claim 21 wherein the treatment
temperature is between about 5° and about 60° C.,

23. The process of claim 18 wherein the treatment
fluid 1s a vapor.

24. The process of claim 23 wherein the substituted
benzene(s) 1s present in the vapor in an amount between
about 50 and about 10,000 ppmv.

25. The process of claim 24 wherein the treatment

temperature 1s between about 5° and about 90° C,
* x * L x
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